Hypertension is a major public health burden in sub-Saharan Africa. It has been shown to track from adolescence to adulthood. Pre-hypertension refers to consistent systolic and/or diastolic blood pressure (BP) measurement between 90 -< 95 th percentile, while hypertension is when systolic and/or diastolic BP ≥ 95 th percentile for age and sex. Prehypertension is considered heightened risk for developing hypertension. The aim of this study was to determine the prevalence of hypertension and prehypertension among urban adolescents in Calabar, south eastern Nigeria. This was a cross sectional survey using multistage sampling techniques among adolescents between the ages of 10 -18 years in four secondary schools in Calabar metropolis. Blood pressures and anthropometric measurements were taken and body mass index was calculated. Three hundred and seventy five subjects were assessed, 146 males and 229 females. The prevalence of hypertension was 6.7%, pre-hypertension was 7.5% and that of obesity was 1.9%. The mean systolic blood pressure (SBP) for males was 114.00 ± 13.04mmHg while that for females was 115.18 ± 12.18mmHg. Only the SBP were found to increase significantly with age (p<0.001), though both showed progressive increase with age. The mean diastolic blood pressure (DBP) for males was 62.55 ± 8.10mmHg and 63.16 ± 9.36mmHg for females. The mean BMI was 18.52 ± 2.35 for males and 19.16 ± 3.60 for females and increase with age was statistically significant (p<0.001). The prevalence of both hypertension and pre-hypertension in this adolescent population appears high and necessitates public health attention. It is recommended that larger studies in different Nigerian adolescent populations be conducted to determine the prevalence of hypertension nationwide so that early remedial actions may be taken.
INTRODUCTION
Epidemiological studies in adults have demonstrated that hypertension is a major health problem in Nigeria and indeed around the world (Akinkugbe 1992) . Several workers have demonstrated that the problem is not uncommon among children and adolescents in different parts of the world (Ekanem et al 1995, Fourth Report on management of Blood Pressure in Children and Adolescents 2004) . The existence of hypertension among Nigerian children and adolescents has also been reported by several workers (Antia-Obong and Antia-Obong 1991, Ayoola 1979 , Ansa et al 2002 . It is known that idiopathic hypertension has its basis in internal physiologic derangements that are already present during childhood (Fourth Report on management of Blood Pressure in Children and Adolescents 2004; Lauer et al 1993) . Workers in the United States of America, Denmark and India have shown that children with history of hypertension in any or both parents have significantly higher systolic and diastolic blood pressures than those with no such family history (Lauer et al, 1984; Lauer et al, 1993 ). An isolated high childhood systolic blood pressure is also associated with increased risk of high adulthood blood pressure (Lauer et al, 1984; Lauer et al, 1993) . Childhood hypertension has been shown not only to increase the risk of coronary heart disease later in life but also to significantly increase the morbidity and mortality during later childhood and early adult years (Lauer et al, 1993) . The prevalence of hypertension among adolescents in developed countries is between 0.6-11% (Adedoyin and Adeniyi, 2001) . In the tropics, prevalence of between 3.3 -5.5% has been reported (Antia-Obong and Antia-Obong 1991, Ayoola 1979 , Blankson et al 1977 for children and adolescents. In a study in Calabar, Ansa et al (2002) reported the prevalence of 3.6% among 16-18 year old adolescents.
An adolescent is known to explore his environment excessively, crave independence and yet lack the inhibition of adulthood (WHO 1999 , Nwokocha 1999 , Jenkins 2000 . Thus, they are exposed to factors that could increase their chances of developing hypertension such as use of contraceptive pill by females (Nwokocha 1999 , Jenkins 2000 and anabolic steroids (Jenkins 2000) by males for body building to improve appearance and enhanced athletic performance. So far there's paucity of information on the prevalence of hypertension among adolescents in this environment. The aim of this study therefore was to determine the prevalence of hypertension and to correlate it with the body mass index among adolescents in Calabar.
SUBJECTS AND METHODS
This was a cross-sectional study in apparently healthy adolescents ages between 10 -18 years in Calabar, southeastern Nigeria. The subjects were from four day-secondary schools in the two local government areas of Calabar metropolis (i.e. Calabar Municipality and Calabar South). Data was collected over two months (December 2003 to January 2004 
STUDY POPULATION
The population of Calabar was 458,374 of which 82,507 were school-age children in 2003 (NPC 1992 Sample size was calculated using the formula for determining sample size for studies with population of more than ten thousand; (Araoye 2003 ) N = Z 2 x P x (100 -P) d 2 Where N = minimum sample size required Z = standard normal deviate set at 1.96 P = known prevalence of the disease d = degree of accuracy A minimum of three hundred and fifteen (315) subjects were to be recruited for the study.
SAMPLING TECHNIQUES
Multi-stage sampling technique was used in this study. In the first stage, the schools were stratified into day and boarding schools. Day secondary schools were chosen for this study. The next stage was simple random sampling in which four day secondary schools were chosen by balloting. The third stage of sampling was stratification of students into junior and senior sections based on their classes. The final sampling process involved the use of statistical table of random numbers to recruit students in their various classes using the class registers. This ensured that any student in the school could have been recruited.
Subjects were enrolled in their various schools.
Appointments for sampling and enrolment of participants were fixed at the convenience of the school authorities. School records were used to determine the number of students in each class and arm of the class which was used to calculate the number of students to be recruited. Half (50%) of the calculated sample size for each school was taken from the junior secondary school classes and the remaining 50% from the senior secondary school classes. Letters seeking parental consent to enlist the subjects were distributed through the selected students. Procedures were explained to participants to allay anxiety. Participants were enrolled in their various classes.
Inclusion criteria were apparently healthy students within 10 -18 years of age, parental consent and willingness of selected students to participate in the study. While students with history of use of drugs that may affect blood pressure or weight such as anti-hypertensives, corticosteroids, glucocorticoids, use of contraceptive pills in females and anabolic steroids were excluded. Willing subjects whose parents/guardians refused to give consent as well as unwilling subjects whose parents gave consent were also excluded. A pretested semistructured questionnaire was administered to recruited students. Information obtained from each subject included age at last birthday and this was confirmed from the school records. Other data obtained from the students included gender, class of study and smoking habits as well as height, weight, blood pressure, education level and occupation of both parents.
Anthropometric measurements were taken according to the methods described by Paynter and Parkin (1991) . The measurements were taken in the sickbay of the schools. Weight was measured using a calibrated bathroom weighing scale to the nearest 0.5kg. The bathroom scale has been recommended for use in older children and adolescents where the beam balance is not available (Paynter and Parkin 1991) and has been used with reliable results (Antia-Obong and Antia-Obong 1991 and Andy et al 1985) . Subjects were asked to stand on the weighing scale without shoes while wearing light clothes. They were instructed to remain upright on the scale with the upper limbs by the sides of the body, while the weight was read and recorded. It was ensured that the pointer was at the zero mark before measurements were taken for each subject. A standard 40kg weight was used to confirm the weight on the measuring scale after every 20 th subject to ensure precision.
Height was measured using an erect metric rule placed against a perpendicular wall (Paynter and Parkin 1991) . The subjects stood erect, barefooted, heels together against bottom of the wall behind as well as the buttocks, shoulders and head equally touching the wall, and chin raised. They were asked to look straight ahead, to make themselves as tall as they can and to take a deep breath. A head-piece was then made to rest on the head of the subject and held firmly to the wall at right angle as the subject was asked to move from under the head-piece. The height was read from under the headpiece on the calibrated metric rule placed against the perpendicular wall. The weights were confirmed by the lead author on every 20 th subject to ensure accuracy.
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The Quetelet Index or Body Mass Index (BMI) was also calculated from the height and weight already measured using the formula (Paynter and Parkin 1991) . QI = Weight (kg) [Height (m)] 2 BMI calculated as shown above and plotted on the international BMI charts which have been found suitable for developing countries (Kow 1991) .
Obesity was defined as BMI ≥ 95 th percentile for age and sex while overweight was defined as BMI greater than 85 th but less than 95 th percentile for age and sex (Paynter and Parkin 1991 
BLOOD PRESSURE:
Blood pressure (BP) levels were defined in this study as recommended by the 4 th report on the diagnosis, evaluation and treatment of high blood pressure in children and adolescents (Fourth Report on management of BP in Children and Adolescents 2004) and reference values computed by Andy et al (1985) for Nigerians in the first two decades of life and summarized as shown below;
Blood pressure level Average Systolic and/or Diastolic BP for age and sex N o r m a l < 9 0 th percentile Pre-hypertension ≥90 th but <95 th percentile Hypertension ≥95 th percentile
The blood pressure was measured using a standard mercury sphygmomanometer (Accouson, England). The cuff size covered approximately two-thirds of the length of the upper arm with the cuff about 2.5cm above the antecubital fossa (Fourth Report on management of BP in Children and Adolescents 2004). The sphygmomanometer cuff was applied evenly and snugly to the upper two thirds of the right arm. The subjects were seated in a room for about 5 minutes, the back was supported, feet on the floor and right arm supported, cubital fossa at heart level. Each reading was taken three times at five minutes interval and the average of the three readings was recorded. Measurements were taken to the nearest 2mmHg. The first, fourth and fifth Korotkoff phases were noted. The first and fourth Korotkoff sounds were taken as the systolic and diastolic pressures respectively as recommended by the 4 th report on the diagnosis, evaluation and treatment of high blood pressure in children and adolescents (Fourth Report on management of BP in Children and Adolescents 2004). Measurements obtained were plotted on the BP charts computed for Nigerians in the first two decades of life by Andy et al (1985) . Subjects whose SBP and/or DBP were between 90 -<95 th percentile for age and sex were labeled pre-hypertensive while those whose BP were ≥95 th percentile for age and sex on the BP charts were described as hypertensive (Andy et al 1985) . To ensure quality control in blood pressure measurement, a paediatric cardiologist also measured BP in a tenth of the sample size and the BP measurements he recorded were comparable to those of other study team members.
ETHICAL ISSUES:
The study was approved by the Ethical committee of the University of Calabar Teaching Hospital (UCTH). Permission was also obtained from the Cross River State Ministry of Education to involve students in the state owned secondary schools. Finally, informed consent was also obtained from parents and only willing subjects participated in the study i.e. no form of force or coercion was applied nor matter how subtle.
DATA ANALYSIS: Data were analysed using EPI Info 2002 and Statistical Package for Social Sciences (SPSS) software (version 11.0) by a biostastician. Distributions were described as Mean and standard deviation (SD). The analysis of variance (ANOVA) technique was used for comparison of means of continuous variables, with F-statistic as the test of significance. Odds ratio and chi-square were also computed for categorical variables using the EPI-2002 STAT-CAL two by two tables. Pearson's correlation coefficient was used to describe the association between the variables and age.
The 95% confidence intervals were determined for correlation co-efficient. The level of statistical significance was fixed at p < 0.05.
RESULTS
Four hundred and fifty forms were distributed through the students to their parents for consent. Three hundred and ninety forms were returned with parental consent giving the response rate of 86.7%. A total of 15 students declined participation in spite of parental consent and so were excluded from the study. Data was only collected from the willing students with parental consent. Data analysis was carried out on 375 subjects with complete physical data.
DEMOGRAPHIC CHARACTERISTICS OF STUDY POPULATION
Age and Sex Distribution: Table I shows age and sex distribution of the subjects. Their ages ranged from 10 -18 years, the median age was 15 years and the mean age 14.67 ± 1.94 years. There were 146(38.9%) males and 229(61.1%) females giving a male to female ratio of 1:1.6. The median age for the males was 15 years and mean age was 14.68 ± 2.05 years while the median age for the females was also 15 years and mean was 14.66 ± 1.80 years.
MEAN VALUES OF BLOOD PRESSURE AND BODY MASS INDEX
The mean systolic blood pressure (SBP), diastolic blood pressure (DBP) and body mass index (BMI) are shown in Table II . Both SBP and DBP showed a progressive increase with age although only the increase in SBP was statistically significant (p<0.01). The SBP ranged from 108.22 ± 11.64 at 13 years to 119.92 ± 12.64 at 18 years. The mean DBP ranged from 58.04 at 10 years to 65.54 at 18 years. The BMI increased progressively from 15.82 ± 1.02 at 10 years to 20.38 ± 2.26 at 18 years and it's increase with age was statistically significant (p<0.01). The mean BMI values for the females was higher than that of the males (p = 0.05).
PREVALENCE OF PRE-HYPERTENSION AND HYPERTENSION
The prevalence of hypertension was 6.7% (25 of 375) and was made up of 6.1% (9 of 146) males and 7.0% (16 of 229) females (Table III) . The difference in the prevalence of hypertension between the sexes was not statistically significant (p = 0.75). The prevalence of pre-hypertension was 7.5% (males 6.8% and females 7.9%), the difference between the sexes was not statistically significant (p=0.83). The prevalence of pre-hypertension was 7.5% (28 of 375), constituting 6.8% of males and 7.9% of the females.
PREVALENCE OF OBESITY
The prevalence of obesity was 1.9% (7 of 375). Five (2.2%) females and 2(1.4%) males were obese (Table IV) . The difference in the prevalence of obesity between the sexes was not statistically significant (p = 0.57). The proportion of overweight for all the subjects in this study was 2.4% and was higher in females (3.4%) than males (1.4%). = Chi Square p = p value p = p value
DISCUSSION DISCUSSION
The prevalence of hypertension in this study was 6.7% with more female (7.0%) than male (6.1%) being hypertensives. Although this prevalence is high, it is within the reported literature prevalence of 0.6 -11% in children and adolescents (Adedoyin & Adeniyi 2001 , Ansa et al 2002 . Ekanem et al (1995) had reported prevalence of 3.1% in Adim, a rural community about 100 km north of Calabar. Their report was also from a cross sectional study. Since the blood pressure of urban dwellers has been shown to be higher than those of rural inhabitants (Adedoyin & Adeniyi 2001) , it is not surprising that the prevalence is higher in these urban adolescents than that from a rural community (Ekanem et al 1995) . Although, blood pressures of these adolescents couldn't be repeated, (a limitation that could affect the interpretation of this study), the findings support the global trend of rising prevalence of hypertension among adolescents (Fourth Report on management of BP in Children and Adolescents 2004 , Kitai et al 2007 and Murtner et al 2004 .
The prevalence of pre-hypertension in this study is 7.5% although this value is lower than the 11.1% reported by Ostrowska-Nawarycz et al (2007) from Poland and 9.5% reported by McNiece et al (2007) among USA adolescents in Houston schools respectively. In the study from Poland (Ostrowska-Nawarycz et al 2007) , the prevalence of overweight was 15.1% while obesity was 3.7% compared to that of 1.9% seen among adolescents in this study. Also the report from Poland involved both children and adolescents unlike this study which was limited to adolescents. The prevalence of overweight was 18.1% (prevalence of obesity was not reported) in the study from Houston. Thus the higher level of obesity partly explains the difference in the prevalence of pre-hypertension between these The prevalence of pre-hypertension in this study is 7.5% although this value is lower than the 11.1% reported by Ostrowska-Nawarycz et al (2007) from Poland and 9.5% reported by McNiece et al (2007) among USA adolescents in Houston schools respectively. In the study from Poland (Ostrowska-Nawarycz et al 2007), the prevalence of overweight was 15.1% while obesity was 3.7% compared to that of 1.9% seen among adolescents in this study. Also the report from Poland involved both children and adolescents unlike this study which was limited to adolescents. The prevalence of overweight was 18.1% (prevalence of obesity was not reported) in the study from Houston. Thus the higher level of obesity partly explains the difference in the prevalence of pre-hypertension between these studies. In a national database study which reviewed the blood pressure of over 400,000 subjects in Israel (Kitai et al 2007) >12% of adolescents were pre-hypertensive and this frequency should not be overlooked. When tracked, many of these pre-hypertensives went on to develop hypertension (Murtner et al 2004) .
This study shows a significant progressive increase in SBP from 10 to 18 years of age. The mean DBP on the other hand did not show significant increase with age. This is in keeping with work done among Nigerian School children in Ibadan (Antia-Obong and Antia-Obong 1991). The findings of this study are consistent with other studies that found no significant difference in BP of adolescents between the genders (Fourth Report on management of BP in Children and Adolescents 2004; Antia-Obong and Antia-Obong 1991 and Ayoola 1979) .
Comparison of blood pressure between studies is compounded by the various procedures for obtaining its measurements among different investigators. Some investigators record casual BP while others ensure that basal BP measurements are obtained. Some define DBP as the phase IV Korotkoff sound while others take DBP as phase V. In this study the phase IV of Korotkoff sound was used to determine the DBP because in some children the 5 th korofkoff sound continues to 0mmHg (Fourth Report on management of BP in Children and Adolescents 2004). The mean SBP of 114.60 ± 12.62 mmHg reported in this study is higher than 106.5 ± 11.8 mmHg (Antia-Obong and Antia-Obong 1991) and 104.4 ± 11.7 mmHg (Ayoola 1979) reported by some studies on Nigerian adolescents in urban settings. The mean diastolic BP of 62.6 ± 8.1 mmHg reported in this study is similar to 61 ± 9 mmHg obtained by Ayoola (1979) among adolescents but lower than the 71.6 ± 8.0 mmHg reported by Antia-Obong and Antia-Obong (1991) among school children. The present study as well as the other studies (Antia-Obong and Antia-Obong 1991, Ayoola 1979) cited above used the 4 th Korotkoff sound to define DBP hence it is unlikely that technique alone could explain the difference noticed. The DBP obtained in the present study is comparable to that reported by Ayoola (1979) which was also on adolescents.
In this study, we allayed anxiety by explaining the procedures to participants. We also used familiar environment to measure the BP, all in an effort to reduce the effect of 'white coat hypertension'.
While prevalence of obesity is ≥ 15% in North America and Europe, it is not yet a problem among adolescents in this environment. It may pose some threat in the near future with increase consumption of soft drinks, junk food and lack of exercises (Ansa et al 2002) . We speculate that provision of school meals should impact positively on the nutritional status of school children in this environment as it has done in other parts of the world.
CONCLUSION
We conclude that the prevalence of both pre-hypertension and hypertension among adolescents in this population is high. Efforts should be put in place to institute measures that will pick up these conditions early. Measures to treat those already affected should also be intensified. It is recommended that collaborative studies be carried out with larger samples sizes to confirm the findings of this study. We recommend physical exercises for adolescents by ensuring that provision is made for it in the school curriculum. We also recommend the incorporation of blood pressure measurements into routine assessment of adolescents when they attend clinics.
